A variable-feed hydrous-bioethanol fuel injector (VFHBFI) for retrofitted engine was designed and evaluated to provide a technology that would allow spark-ignition engines commonly used by farmers be fuelled with hydrous bioethanol from nipa. With this technology, farmers can make use of their farm resources to fuel their engines making them less dependent on imported fossil fuel. The VFHBFI consists of the following components: 1) Fuel tank; 2) DC pump; 3) Fuel line; 4) PWM switch; 5) Battery; and 6) Fuel injector. The tank is made of a stainless-steel cylinder with 2-liter capacity of hydrous bioethanol (95%). The DC pump that feeds alcohol fuel is a diaphragm-type operating on a 12-volt line. It is ran by a 16-AH gel-type battery and its pumpingrate is regulated by a 12-volt, 0.8-Amp PWM switch. The position of the switch and of the battery is dictated by the kind of machine to be powered. The fuel line that delivers the alcohol to the engine is made of an alcohol-resistant plastic hose. The VFHBFI was evaluated using a 6.5-hp spark-ignition Kenbo engine retrofitted to utilize hydrous bioethanol as fuel. The fuel feed rate was calibrated with the PWM switch setting. A micro-tiller and a power-tiller-operated hauler were used in the evaluation. The forward speed of the power-tiller-operated hauler was also evaluated at varying load. Results showed that the VFHBFI performs satisfactorily as per design. The fuel feeding rate of the injector behaves linearly with the PWM switch setting. It was observed that smooth engine speed is achieved at medium to high PWM switch setting. Using the VFHBFI, a retrofitted-engine-driven micro-tiller successfully tilled a 1500 m 2 farm making it ready for planting in 2 to 3 passes. The average amount of fuel consumed in tilling was 2.0 liters per hour, which is double than when using pure gasoline as fuel. Also using the VFHBFI, a retrofitted-engine-driven power-tiller hauler consumed an averHow to cite this paper: Belonio, A.T., Regalado, M.J.C., Rafael, M.L., Villota, K.C. and Castillo, P.R. (2019) 
Introduction
In 2013, PhilRice launched the Free Fossil Energy program to substantially or entirely remove fossil fuel from rice and rice-based farming by developing alternative energy sources and inputs to come up with sustainable and cost-effective rice and rice-based farming systems (PhilRice, 2014) [1] . One of the projects under this program is the development of renewable, alternative, diversified, and decentralized energy resource systems for and from rice-based agriculture that will provide sustainable energy and fuel for rice farming activities as well as for electricity generation. The unearthing of hydrous bioethanol from fermented Nipa sap and its consequent use as fuel for spark-ignition internal combustion engines, one of the studies undertaken at Rice Engineering and Mechanization Division (REMD) of PhilRice, is envisioned to empower the farmers in the event the cost of fuel becomes high and farmers cannot use their machines to do farming. This scenario is more likely to occur when the supply of fossil fuel will reach its maximum and then subsequently will start to decline, which is popularly known as "The Peak Oil Theory" (Alekllet, 2012) [2] . When such time happens, PhilRice would like rice farmers to be able to continue in their farming activities using the available farm resources, like nipa, as source of fuel for their farm machines.
In far flung areas in the Northern and Eastern tips of Luzon Island, in Eastern part of Mindanao, and in other nipa-producing areas in the country, bioethanol can be potentially produced as fuel for farm machines. When this is realized, farmers would not need to spend a liter of petrol fuel just to buy few liters to be able to run their farm machines in tilling and in other production activities. Although there are other sources of feedstock, like sugar canemolasses, sweet sorghum, pineapple peel, and coconut sap, for the production of bioethanol, still nipa sap stands out to be the best one. According to Rasco (2011) [3] , nipa sap has 14% -17% sugar content and 6480 -15,600 liters ethanol yield per hectare. It is presently processed in nipa-abundant areas in the country to produce nipa crude bioethanol or "lambanog" as spirit alcohol not only for local consumption but also for export. With the vast area of nipa plantation throughout the eastern Using a simple and locally designed and built internally-heated distiller, PhilRice has proven to successfully distil fermented nipa sap initially at 8% alcohol raising it to 95% using rice husk as heat source in producing liquid fuel to run agricultural machines Regalado, et al. (2017) [4] . Retrofitting an engine in such a way that hydrous bioethanol can be injected directly into its intake manifold by-passing the carburetor paves the way to properly utilize alcohol as fuel for spark-ignition internal combustion engines. An early development has shown that a simple manually-operated fuel injector, which is entirely dependent on the opening of the feeder and on the suction created by the engine piston, has proven that hydrous bioethanol can be used to run an engine at the required speed and power. However, the set up of the fuel injector only allows the use of the device that can be easily reached and manually adjusted such as that of stationary engines like pumps, micro-mills, as well as pump boats commonly used by farmers. For mobile machines where the engine is in proximate distance from the handle of the machine, a variable-feed hydrous-bioethanol fuel injector needs to be designed. In this way, farmers can feed the fuel to the engine without getting near it to stop or to control its speed. By having the unit integrated to the engine, moreover, farmers can change the speed of the machine while in operation without getting closer to the engine to regulate the switch that controls the feed rate of the injector.
Objectives of the Study
The general objective of the study is to design and evaluate the performance of a variable-feed hydrous-bioethanol fuel injector (VFHBFI) for retrofitted engine.
The specific objectives are:
1) To design a fuel injector that can supply hydrous bioethanol into a retrofitted engineat variable feed rates;
2) To calibrate the fuel injector feed rate in terms of the switch current input; 
Review of Literature
Bioethanol as fuel for internal combustion engine can be produced in two ways.
According to Freudenberger (2009) [7] , is the most concentrated grade of ethanol that can be produced by simple distillation without further dehydration steps necessary to produce anhydrous ethanol. It is sometimes known as azeotropic ethanol which typically ranges from 93% to 96% alcohol and the remaining 4% to 7% is water. It was found out that blending hydrous ethanol with gasoline lowers the operating temperature of the engine, which is due to the cooling effect caused by the fuel mixture containing water, but increases the heat of vaporization resulting in a more efficient combustion, cooler running engines, lower exhaust temperature, and increased longevity of engine life. The water contained in hydrous ethanol blends also reduces NO x ratios, as also found by This is further supported by the study of Rutz and Janssen (2007) [11] which suggested that to use fuels blended with 20% alcohol or higher, the engine must be retrofitted since ethanol causes corrosion of rubber and other mild steel materials found in the fuel tank and in the carburetor. Although there is a slight reduction in the power output of the engine owing to the lower energy content of alcohol as compared with gasoline, hydrous bioethanol can still be used as fuel for small engines or machines that farmers already have.
In order to obtain better engine performance and reduced emission on the use of hydrous ethanol as fuel, Nilaphai et al. (2016) [12] suggested that the engine needs to be calibrated to suit the fuel to run with conventional spark-ignition engines.
In the late 70's, Brazil has proven that hydrous bioethanol can be used as fuel directly on a spark-ignition engine. Only that ethanol-fuel vehicles need modification in order to meet the required fuel management and engine calibration so hydrous bioethanol can work well with the engine. The modification includes the use of materials in the engine carburetor, fuel tank, and linesmust be those which can resist alcohol corrosion, not aluminum, brass, zinc, etc. that are commonly used in conventional engines.
Curran (2006) [13] examined the feasibility of retrofitting a Briggs-and-Stratton Quantum 5.75 lawnmower engine to run on 85% ethanol fuel mixed with 15% gasoline (E85). He found that the problems in running the engine with high ethanol content were material compatibility issues with ethanol, lowered air-to-fuel hours has no significant increase in the fuel consumption with the normal gasoline-burning lawn mower. Results of mowing tests showed that no discernible damage was observed over the length of the testing performed.
Costa and Sodre (2010) [14] compares the performance of a 1-liter, 8-valves, four-stroke cycle engine fueled with purely hydrous bioethanol (6.8% water content) and mixture of gasoline and hydrous bioethanol (78% gasoline and 22% alcohol) fuel mixture. They found that the torque and break mean effective pressure (BMEP) were higher when gasoline-alcohol mixture fuel is used in low speed engine. On the other hand, higher torque and higher BMEP were achieved when hydrous bioethanol is used in high speed engine. They found that hydrous bioethanol can cause high power at high engine speed; whereas for low engine speed, both fuel produces the same power. They further added that hydrous bioethanol produces higher thermal efficiency and higher specific fuel consumption than gasoline-ethanol blend throughout the same engine speed. Moreover, hydrous bioethanol resulted in a reduced CO and HC emission but increased showed that HE75 (75% hydrous-ethanol) conversion first increases and later decreases with the temperature and reaches its peak at a temperature of approximately 675˚K. They found out that the effects of flow rate and of temperature on the product distribution are minimal. Compared with the prototype gasoline-fueled engine, the average decreases on the equivalent specific fuel consumption, NO x emission, CO emission and total hydrocarbon emission for the optimized engine fueled with hydrogen-rich reformates were 6%, 70%, 50%, and 80%, respectively. Their preliminary experiment suggests that the utilization of hydrous, rather than anhydrous, ethanol in a spark-ignition engine by the onboard steam reforming of ethanol may represent a sustainable alternative energy source.
Belonio, et al. (2014) [16] designed and developed a fuel feeding device to feed hydrous bioethanol fuel into a spark-ignition engine. A screw feeding mechanism that injects hydrous bioethanol directly into the intake manifold of the engine by-passing the carburetor has successfully proven that 80% to 95% hydrous bioethanol fuel can be used entirely as fuel for the spark-ignition engine without the need of mixing gasoline into the fuel. However, fuel economy was found to be the great issue in the use of hydrous bioethanol as fuel for the spark-ignition engine which can be attributed to the low heating value of hydrous bioethanol 
Methodology
The design of a variable-feed hydrous-bioethanol fuel injector (VFHBFI) was carried out aimed at providing farmers a technology that can enable them to immediately change the rate of feeding of hydrous bioethanol fuel into the engine not needing for them to get closer to the engine to turn the knob of the injector in order to reduce or to increase the feeding rate of fuel into the engine.
The option of providing the injector with a pump to facilitate control of the rate of feeding of fuel was considered in this design. Since the rate of feeding of fuel into the injector is regulated by means of a pump, the rate of pumping is then controlled by regulating the amperage requirement of the pump with the use of a PWM switch. A fuel injector commonly used in diesel engine was used to inject hydrous bioethanol in a regulated manner as controlled by the pumping rate.
After the set-up ( Figure 1) was built, the different components of the fuel feed system were installed into the retrofitted engine previously adopted in the study (Belonio, 
et al., 2016) [4].
The rate of feeding the hydrous bioethanol was tested by varying the input current of the PWM switch. During the tests, the volume of hydrous bioethanol fed at a given setting was measured using a 100 liter-capacity graduated cylinder for a given time duration. The rate of feeding was plotted in a graph against the current input to show the relationship between the two variables.
Two applications of the VFHBFI were tested during the conduct of the study, such as that in 1) Micro-Tiller and 2) Power-Tiller-Operated Hauler, to determine whether the set-up will work well as an alternative over the previous fuel feeding mechanism. In micro-tiller, the fuel feeding mechanism was installed on the machine enabling the operator to change the rate of feeding of fuel immediately not needing for him to get closer to the engine to adjust the fuel feeding Figure 1 . The schematic drawing of the design of the variable-feed hydrous-bioethanol fuel injector.
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Performance testing and evaluation of the VFBHFI was carried out at PhilRice Experimental Farm in operating the micro-tiller in tilling the field in three passes. After each pass, the field was allowed to stay for 5 days to allow the weeds to decompose before the next pass. In testing the VFBHFI in running a power-tiller-operated hauler, the hauler was loaded with bags of fertilizer to a certain weight and the amount of hydrous bioethanol fuel and the distance traveled by the machine were measured during the tests. Several runs were made to determine the fuel consumption rate per unit distance travelled by the machine.
Results and Discussions

Design of Fuel Feeding Device
The complete set-up of the VFHBFI is shown in Figure 2 . As shown, the device consists of the following components: 1) Fuel Tank; 2) DC Pump; 3) Fuel Line; 4) PWM Switch; 5) Battery; and 6) Fuel Injector. The fuel tank is made of a stainless-steel cylinder having a capacity of 2 liters at full load.
The top of the tank has a treaded nipple and a cap where hydrous bioethanol is fed during operation. At the bottom end of the tank is an outlet nipple where fuel exits. Attached to it is a DC pump operating on a 12-volt, 4-amp line. The pump is a diaphragm-type pump commonly used in feeding gasoline fuel. It is powered by a 12-volt, 16-amp-hour battery and is controlled by a 12-volt, 0.8-amp PWM switch. The rate of pumping and of feeding of fuel into the injector is controlled by the PWM switch. Turning the PWM switch knob to the right increases the pumping rate which consequently increases the feeding of fuel into the fuel injector. The fuel is fed into the fuel injector through a plastic hose. The fuel injector permits the feeding of hydrous bioethanol fuel into the intake manifold of the engine. The rate of feeding of fuel into the intake manifold by the fuel injector is affected by the rate of pumping of fuel. The location of the pump and of the injector is quite far from each other but both are situated near the engine. On the other hand, the battery and the PWM switch are adjacent to each other and they are attached to the machine handle so the farmer can easily control the rate of feeding of fuel during operation. With this set up, there is no need for the farmer to move closer to the engine to stop it or decelerate its speed. Figure 3 shows the relationship between the fuel feeding rate and the current input of the PWM switch. It shows that there is a linear relationship between the two variables-i.e. as the current input increases, the fuel feeding rate also increases. During the tests, moreover, a smooth engine speed was observed only at 0.6 to 0.7 ampere current input. This can be attributed to the supply of fuel in which at lower current input less amount of fuel is supplied providing not enough power to propel the engine to the required speed. At higher current input, however, there is over supply of fuel causing the engine to lose power due to lower air-to-fuel ratio. The required air-to-fuel ratio is attained at mid range of 
Fuel Feeding Rate and Current Input
Engine Performance in Operating Rice Machines
The performance of the retrofitted engine with the VFHBFI was tested using consumption is only 1 liter per hour. This indicates that the consumption for hydrous bioethanol is double than that for gasoline in operating the machine in performing the same task. The higher consumption for hydrous bioethanol (95% alcohol) was expected due to its lower heating value, which is 25.60 MJ/kg, compared with that of gasoline, which is 43.45 MJ/kg. In providing power to drive the power-tiller-operated hauler, it was found out that the hauler can be operated using the VFHBFI. It was observed, moreover, that there was a decrease in the travel speed of the machine with the increase in load. Figure 5 shows the relationship between the travel speed and the weight of load of the 
Socio-Economic Advantage
Since the use of hydrous bioethanol as fuel is not yet popular to date, the farmers can make use of the technology by producing the fuel by himself from the available resources in his farm. He can use the fuel he produced for his farm machines or sell it to benefit his neighboring farmers. He can also sell his excess alcohol for industrial as well as for medical uses. As reported by Belonio, et al. per unit cost of distilling would be further dropped providing him more advantage in terms of cost to produce the fuel. By doing this, farmers can minimize getting drunk all the times instead make his day fruitful in doing his farming and household tasks.
Conclusions and Recommendations
The use of hydrous bioethanol as fuel is again successfully demonstrated for powering rice machines. The VFHBFI works well for the two rice machines tested in controlling the rate of feeding of fuel allowing the farmer to regulate the speed of the machine in real-time operation. Farmers need not get close to the engine to stop the operation but just turn the switch either to stop or to slow down the operation. Smooth engine speed can be maintained by setting the current input of the PWM switch within the range of 0.6 to 0.7 ampere. The use of hydrous bioethanol as fuel for the engine is more advantageous if farmers will produce the fuel by themselves using the available resources in their farm, like nipa. Further improvements need to be done on the VFHBFI to make it operate beyond the present range of the PWM switch current input.
